Objectives: To evaluate long term change in impairment, disability, and health related functional status in patients with severe spasticity who received intrathecal baclofen. Methods: A long term (more than five years) observational longitudinal follow up study assessing 21 patients who received intrathecal baclofen given by programmable pump. Patients had chronic disabling spasticity which did not respond to oral antispasmolytic agents. Clinical efficacy was assessed by the Ashworth scale and spasm score; disability by the expanded disability status scale (EDSS), ambulation index (AI), and incapacity status scale (ISS); and health related quality of life by the sickness impact profile (SIP) and the Hopkins symptom checklist (HSCL). Results: Compared with pretreatment values, there was a significant improvement in clinical efficacy (Ashworth scale and spasm score, p,0.05) but a small but significant worsening of disability (EDSS, AI, and ISS, p,0.05). Comparing pretreatment with 26 weeks after pump implantation, a worsening was observed in disability (EDSS and ISS, p,0.05) and perceived health status (SIP, psychosocial dimension, p,0.05). Conclusions: Long term administration of intrathecal baclofen delivered by an implanted programmable pump resulted in improved clinical efficacy but not in improvement in disability or perceived health status. C ontinuous intrathecal baclofen infusion using a subcutaneously implanted programmable pump has been employed in the treatment of severe spasticity since its introduction by Penn and Kroin in 1984.
C ontinuous intrathecal baclofen infusion using a subcutaneously implanted programmable pump has been employed in the treatment of severe spasticity since its introduction by Penn and Kroin in 1984. 1 Since then, there have been several clinical reports on the use of continuous intrathecal baclofen to reduce spasticity, indicating that it is very effective. Baclofen, an agonist of the inhibitory neurotransmitter c-aminobutyric acid (GABA), is an inhibitor of the segmental polysynaptic spinal reflex pathways and is often used in the treatment of spasticity. Intrathecal administration of baclofen acts directly at the receptor sites in the spinal cord, resulting in greater therapeutic efficacy with smaller drug doses and thus less systemic toxicity than with oral preparations. 2 Oral antispasmolytics are often poorly tolerated at the high doses needed to achieve a reduction in spasticity. 3 Intrathecal baclofen not only results in a decrease in spasticity but may also lead to an improvement in disability and perceived health status as determined by quality of life and health related measures. [4] [5] [6] However, little attention has been paid to evaluating the effects on quality of life in patients receiving intrathecal baclofen, and few studies have specifically addressed the question of functional improvement (impairment, disability, and perceived health status) with the long term use of intrathecal baclofen. 4 5 Various studies have reviewed the long term effects of intrathecal baclofen in patients with spinal spasticity, but in most of these the patients were followed up for relatively short periods (rarely extending beyond two years). 4 7-17 These studies have concentrated mainly on measuring neurological (Ashworth scale and spasm score), neurophysiological (electromyographic), urological (bladder function), and other measurements of impairment. Measurements relating to disability and quality of life have been applied sparsely if at all. To our knowledge, only two studies have addressed the issues of quality of life in patients receiving intrathecal baclofen but few patients were followed up for longer than two years. 4 5 The functional independence measure (FIM), 4 quality of life index (QLI), 5 and sickness impact profile (SIP) 5 were used. However, mean follow up was 37.4 months in one study 4 and only 12 months in the other. 5 There was a significant increase in FIM and SIP scores.
In the present study we aimed to evaluate long term change in impairment, disability, and health related functional status in patients treated with intrathecal baclofen for severe spasticity resulting from spinal pathology.
METHODS

Selection of patients
In a previous prospective multicentre trial, patients with intractable spasticity caused by spinal pathology were treated with intrathecal baclofen and followed up to one year. 6 Patients with severe spasticity associated with multiple sclerosis or spinal cord injury who had been referred by their general practitioners or specialists were recruited from the neurology, rehabilitation, and neurosurgery departments of nine Dutch hospitals. Patients were included in the study when they met the following criteria: N age 18 years or over, with chronic disabling spasticity of spinal origin inhibiting personal care, sitting, lying, and transfers, accompanied by pain and stiffness, or disturbed sleep;
N insufficient response to treatment with maximal doses of oral baclofen, dantrolene, and tizanidine; N sufficient understanding of the consequences of the treatment.
Abbreviations: AI, ambulation index; EDSS, expanded disability status scale; ES, effect size; FIM, functional independence measure; HSCL, Hopkins symptom checklist; ISS, incapacity status scale; QLI, quality of life index; SIP, sickness impact profile Patients who were pregnant, had neurological symptoms of supraspinal origin, or were allergic to baclofen were excluded. 6 During a four year period extending from 1991 to 1995, a programmable pump for injecting intrathecal baclofen was implanted in 38 patients. 6 This group was the subject of the present study.
Study design
A long term observational longitudinal follow up study was undertaken to compare the effects of intrathecal baclofen (given for more than five years) with status before pump implantation and 26 weeks after starting intrathecal treatment. The same clinical assessments and questionnaires as used in the original study were given during the follow up. 6 As more patients in the first study were followed up for 26 weeks than for one year, we decided to compare current measurements with those taken at the start of the study and at 26 weeks of follow up, as there were likely to be more data available.
Measures
Assessment of impairment (clinical efficacy): Ashworth scale and spasm score
The Ashworth scale and spasm score are clinical assessment scales for spasticity. 18 To calculate the Ashworth score the grades for hip flexion/extension, hip abduction and adduction, knee flexion/extension, and ankle dorsal flexion/ extension on each side were summed and divided by eight. The modified Ashworth scale has five grades. 18 The spasm score evaluates the frequency of spasms with scores of 0 (no spasm), 1 (mild spasms induced by stimulation), 2 (infrequent spasms occurring less than once an hour), 3 (spasms occurring more than once an hour), and 4 (spasms occurring more than 10 time an hour). Only the spasm scores of the lower extremities were measured. We also assessed the range of motion of the lower extremities and whether contractures were present.
Assessment of disability: expanded disability status scale, ambulation index, and incapacity status scale
The expanded disability status scale (EDSS) measures the level of ambulation and the presence of somatic complaints on a scale of zero to 10.0 (0 = no complaints or impairment; 10.0 = death). 19 The ambulation index (AI) gives an impression of walking ability on a scale of zero to 9, with zero being fully ambulatory and 9 being wholly restricted to a wheelchair and unable to achieve independent transfer. There is a partial overlap with the EDSS. The incapacity status scale (ISS) measures activities of daily living. This scale consists of 16 items concerning daily activities such as mobility, bowel and bladder function, and dressing. Each item is scored from zero to 4 (0 = no impairment; 4 = patient is unable to perform task or needing maximal assistance). 20 Assessment of perceived health status: sickness impact profile and Hopkins symptom check list
The sickness impact profile (SIP) is a behaviour based self report measure that is used to quantify sickness related dysfunction. 21 Patients are asked to complete a standardised questionnaire consisting of 136 items aggregated into 12 domains of daily functioning. The Hopkins symptom check list (HSCL) was translated and validated for the Dutch situation by Luteyn et al. 22 It consists of 57 items with two subscales (mental health and physical health) and an overall scale, and ranges from zero to 171 (0 = no complaints at all).
Dosages, complications, and patient survey
The dosages of intrathecal baclofen were obtained by examination of the patient's clinical records. The maximum dosages over the period of treatment and the current dose at the time of the assessments were obtained. Differences in maximum and mean dosages between subjects suffering from a progressive disease such as multiple sclerosis and a non-progressive disease such as spinal cord injury were also assessed.
Complications were registered by evaluating the patient's records and by questioning individual subjects. Complications were categorised as pharmacological (a direct result of the baclofen) and technical (from malfunction of the pump system). Complications from the surgical procedure of implanting the pump (wounds, meningitis, cerebrospinal fluid leakage) were also noted.
The duration of treatment (in months) was recorded, beginning from the start of intrathecal administration and ending at the final evaluation.
We constructed a non-standardised questionnaire subjectively evaluating the patient's response to treatment with intrathecal baclofen. The aim of this questionnaire was to determine the patient's overall satisfaction with the treatment, independent of the information obtained from the various clinical and health related measurements.
Statistical methods
The changes in clinical efficacy, disability, and health related quality of life between 26 weeks and the final assessment, and between baseline and the final assessment were analysed using the Wilcoxon matched pairs signed ranks test. Subgroup analysis (progressive versus non-progressive disease) was carried out to determine whether there were differences in dosages and measurements of impairments, disability, and perceived health status. Effect sizes (ES) were calculated according to Cohen. 23 Effect sizes are often used to give meaning to differences between groups or between baseline and outcome in terms ''trivial'' (ES ,0.20), ''small''(ES >0.20 but ,0.50), ''moderate'' (ES >0.50 but ,0.80), or ''large'' (ES >0.80). Data were analysed using SPSS version 10.0 statistical software. Probability (p) values of ,0.05 were considered significant.
RESULTS
All pumps were implanted between 1991 and 1995, thus guaranteeing a follow up period of at least five years. Using the same clinical and health related measures as in the previous study 6 allowed the most objective and accurate comparison of health related outcomes over an extended period of time in patients receiving intrathecal baclofen. Of the 38 patients originally included in the study 21 were available for follow up. Of the remainder, four were eventually excluded (in one patient the pump was removed because of an infection; in three the administration of intrathecal baclofen was discontinued for various reasons); nine died from complications of the underlying spinal disease or other medical illnesses not related to the spinal disorder; two refused to participate in the study; and two could not be located. The results of the evaluations of clinical efficacy and health related quality of life in the 21 patients who were finally included were compared with those obtained at the start of the study and at the 26 week assessment. Table 1 gives the overall characteristics of the patient population and the length of treatment. The mean (SD) age of the sample was 54.6 (12.5) years (range 31 to 76); 43% were women, and 53% had progressive disease (multiple sclerosis in all cases). Among the patients with a nonprogressive disease, there were six cases of spinal cord injury.
The mean duration of treatment was 84.9 months (range 66 to 108). Table 2 summarises the results of the assessments of impairment (Ashworth scale and spasm score), disability (EDSS, AI, and ISS), and health outcome measures (SIP and HSCL) at baseline, 26 weeks after baseline, and at the final evaluation. At the final evaluation, there was significant improvement in the level of impairment (Ashworth scale and spasm score, p,0.05) and a small but significant worsening in the level of disability (EDSS, AI, and ISS, p,0.05) compared with baseline values. There was also a significant worsening in the level of disability (EDSS and ISS, p,0.05) and in one dimension (psychosocial) of perceived health status (SIP, p,0.05) compared with the assessments at 26 weeks of treatment. There were no significant differences between patients suffering from a progressive disorder and those with a non-progressive disorder at baseline, 26 weeks, or final assessment in any measurement of impairment, disability, or perceived health status (data not presented). Table 3 summarises the dosages (current dosage and maximum administered dosage within the treatment period) of baclofen (mg/day). The patient population is divided into those with a progressive spinal disease and those with a nonprogressive disorder. There was no significant difference in mean or maximum dosage between patients suffering from a progressive disease and those with a non-progressive disease. In some patients a slight increase in dosage during follow up was recorded. However, there were some fluctuations in dosage owing to changes in spasticity or other complications. Table 4 summarises the complications occurring during treatment with intrathecal baclofen. The complications are categorised into those caused by the pharmacological effects of baclofen and those caused by technical problems with the pump. The total number of complications, both pharmacological and technical, was recorded and is independent of the number of patients experiencing these complications.
All patients except two were satisfied with the overall treatment and indicated that they would recommend the treatment to other patients with spasticity. Notwithstanding the time and effort required and the complications inherent in this type of treatment, they would willingly undergo it again if necessary. The most prominent improvements reported by the patients were increased ease of transfer, better seating posture, ease of care in activities of daily living (passive), and decrease in pain. However, only a few patients said that they could carry out more activities than before. Of the two patients who were not satisfied with the treatment, one had experienced five recent episodes of catheter dysfunction, and one acquired an allergy which, after extensive dermatological evaluation, was thought most likely to be caused by baclofen sensitivity and resulted in an irritating itch and skin manifestations.
DISCUSSION
There was significant improvement in the clinical efficacy scales (Ashworth scale and spasm score) after long term follow up in these patients with intrathecal baclofen treatment compared with baseline scores. As expected, there was no significant improvement between the final assessment and the 26 weeks assessment. When evaluating disabilities there was a small but significant worsening (except for the ambulation index) at the final assessment group.bmj.com on October 1, 2017 -Published by http://jnnp.bmj.com/ Downloaded from compared with the baseline scores and the 26 week assessment. For measurement of perceived health status there was a significant increase only in the SIP psychosocial dimension when comparing the final situation with the 26 weeks assessment. However, all the patients except two were satisfied with the overall treatment.
The Ashworth and spasm scores of the lower extremities were assessed, as most patients, including those with multiple sclerosis, suffered from spasticity and spasms only in the lower extremities. It should be noted that spasm, spasticity, and baclofen dosage may not be related only to progression or temporary exacerbation of the disease, as occurs in relapse in multiple sclerosis. Other factors affecting spasticity and spasms such as pump and catheter dysfunction, urinary tract infections, wounds, pressure sores, and other medical conditions were also evaluated, as these could influence the measurements as well as the dose of intrathecal baclofen used. We also examined whether the patients were receiving other treatments such as physical therapy, orthoses, and drugs influencing spasticity or spasms, and whether contractures were present. None of these factors was considered to have a significant effect on treatment outcomes. As dosages would be adjusted continuously during treatment to minimise spasm and spasticity, no differences were found when comparing the present situation with that at 26 weeks after pump implantation.
When interpreting the assessment of disability, the results obtained do not necessarily translate into a significant clinical deterioration. When comparing the mean values of the EDSS and AI, the difference was less than 0.5 point (0.17 and 0.29, respectively). No large improvement in disability was expected, as most of the patients were non-ambulant at the start of the treatment.
The progressive nature of disease in more than half the patients was also likely to affect the results of perceived health status. The first study did show a significant improvement in the physical dimensions but not in the psychosocial dimensions. 6 More than half the patients were over 50 years old, which may also explain why no change is seen in the physical aspects of perceived health status. It should also be noted that the psychosocial dimensions are not only related to achieving adequate control of spasticity and spasms, but may also be related to other factors and circumstances. For example, complications relating to the baclofen pump could have influenced the results of the psychosocial aspects of perceived health status.
All patients had a reasonably stable dosage in the weeks preceding the assessment. The mean final dosages were similar to those in other studies assessing the effects of intrathecal baclofen on spasticity of spinal origin. 4 5 10 14-16 24-26 Three studies 4 7 26 evaluated whether there was a significant difference between doses in patients with a progressive compared with a non-progressive disorder. Two showed a statistically significant difference. In the present study we found no significant difference in dosages (mean and maximum) in patients with a progressive compared with a non-progressive disorder, although there seemed to be a trend towards higher doses in the group with a progressive disorder. There may be several reasons for this. First, the size of the study sample was small. Second, in some patients care was taken not to abolish muscle tone completely, on the premise that patients may be able to use their extensor tone for transferring. Three patients (two of whom were suffering from a progressive disorder) could still make some use of their extensor tone in this way, and the dose was therefore carefully adjusted in these cases, leading to a much lower dose being given. Third, although progression of disease may play a part in the gradual escalation of drug dosage, drug tolerance is also a possible factor in patients with both progressive and non-progressive disorders. Thus the dose given not only reflects progression of disease but also associated comorbidity or complications from pump or catheter dysfunction. Finally, the functional abilities and wishes of patients must also be taken into account.
The fact that some patients suffered from certain complications more than once was not recorded as this occurred in only a small proportion of the patients and with one exception no complication occurred more than twice in a particular patient. The only exception was catheter dysfunction, which occurred five times in two patients. We only noted those complications that were directly related to the effects of baclofen and not to the underlying illness. Thus side effects from baclofen were as a rule temporary and resolved with a lowering of the dose. Although several pharmacological side effects of baclofen may occur simultaneously, it was decided to record these separately. Technical complications may include those related to the surgical procedure, dysfunction of the pump, and problems related to the catheter. Temporary removal of the whole pump system was necessary in two patients owing to development of meningitis in one case and persistent fever from bacteraemia in another.
The most frequent complications were related to pump or catheter dysfunction or to complications of the surgical procedure itself. Only the complications that occurred after implantation of the pump were noted. This compares well with previous studies in which complications were noted. 7-16 24 26 Drug related complications and side effects were less often reported than in our study but this may reflect the fact that our patients were followed for longer, so increasing the incidence of complications. The types of drug related complications mentioned were, however, similar 7-10 except for muscle weakness, which was more common in our patients.
In relation to the question of functional improvement at all health related levels (impairment, disability, and perceived health status), we were able to compare our results to some extent with three previous reports. 4 5 27 Azouvi et al 4 assessed 18 patients with a follow up of three years and found, as we did, a significant decrease in tone and an increase in several FIM scores. The increase in these scores were, however, found only in paraplegic patients. Gianino et al 5 assessed 25 patients with a mean follow up of one year. Their results were comparable with ours. In a recently published paper by Albright et al, 27 68 patients participated with a follow up lasting for an average of 70 months. They only assessed spasms (their results were comparable to ours) but did not evaluate activities of daily living or quality of life.
In interpreting the results one must bear in mind the weaknesses of the current study. The following considerations are important in this respect:
First, owing to the small size of the sample, the results must be interpreted with caution, as there may be a lack of statistical power. Results with statistical significance should likewise be interpreted with caution. The fact that only 21 of the original sample of 38 patients could be evaluated gives an attrition rate of 45% which can strongly bias the results, particularly if patients who completed follow up had a better general outcome.
Second, the current assessments and measurements were undertaken by a different observer from the previous ones. 6 Thus interobserver variability should be taken into account when interpreting the results.
Third, although only patients with spasticity of spinal origin were included in the study, it should be noted that several patients, particularly those with multiple sclerosis, were suffering from cerebral symptoms such as cognitive dysfunction at follow up. Cognitive abilities were also reduced in the elderly patients, who comprised a significant proportion of the sample. In answering the health related questionnaires, help from family members and caretakers was necessary and this could also have influenced the results.
Conclusions
Our study shows that the long term effect of giving intrathecal baclofen is to cause significant improvement in the level of impairment (Ashworth scale and spasm score). However, a small but significant worsening was seen at the levels of disability and the psychosocial aspects of perceived health status. Overall satisfaction was expressed by the majority of the patients. Future prospective studies of intrathecal baclofen should not be focused on impairments such as tone or spasms, because there is enough supporting evidence available. There should be a greater focus on activities of daily living such as independence or the burden of care. In respect of general quality of life, research should be focused on the patients' expectation versus experience as a measure of satisfaction with intrathecal baclofen.
